Abstract. The aim of the present study was to detect the expression of Krüppel-like factor 4 (KLF4) in breast cancer tissues and to evaluate the effect on the proliferation of breast cancer MDA-MB-231 cells. The expression of KLF4 protein in 239 breast cancer tissues and 40 paracancerous tissues were detected by an immunohistochemical assay, and its correlation with clinical pathological parameters was analyzed. A eukaryotic expression vector, pcDNA3.1-KLF4, was constructed by transient transfection of breast cancer MDA-MB-231 cells with liposomes (experimental group). The untransfected cells and those transfected with empty plasmid pcDNA3.1 were used as the blank and negative control groups, respectively. The expression of the KLF4 gene and protein in the three groups were detected by reverse transcription polymerase chain reaction and western blotting, respectively. Furthermore, the cell proliferative capacity was detected by an MTT assay. The positive expression rate of KLF4 protein in breast cancer tissues (39.0%, 93/239) was significantly lower than that of paracancerous tissues (77.5%, 31/40) (P<0.05). In addition, KLF4 protein expression in breast cancer tissues was correlated with pathological type, histological grade and lymphatic metastasis (P<0.05). KLF4 mRNA and protein were both expressed by the experimental group, but not by the two control groups. Meanwhile, the proliferative capacity of the experimental group was also significantly decreased. A significant decrease in the positive expression rate of KLF4 protein in breast cancer tissues was correlated with several clinical pathological parameters. In addition, transfection of the KLF4 gene inhibited the proliferation of breast cancer cells, suggesting that this gene is important in the onset and progression of this type of cancer.
Introduction
Breast cancer, as one of the most common malignant tumor types affecting women worldwide, severely threatens their physiological and psychological health (1) . In 2008, almost 1.4 million women were diagnosed with breast cancer worldwide, and ~459,000 instances of breast cancer-associated mortality were recorded (2) . In China, the incidence rate and mortality rate of breast cancer rank first and fifth, respectively, among all types of cancer (3) . As with other types of cancer, breast cancer involves multiple genes and factors, including hormonal and reproductive factors such as progesterone and estrogen receptors (4) . Therefore, it is important to determine appropriate markers in order to determine the molecular mechanism for its onset and progression. Krüppel-like factor 4 (KLF4), which is a member of the KLF family, is a transcription element-binding protein that is present across eukaryotes (5) . Three continuous zinc finger domains at the C-terminus are bound to GC-rich sequences in the promoter region of the target gene, regulating the transcription of KLF4 (6) . Besides being associated with the growth, differentiation and apoptosis of normal tissue cells, KLF4 may function as an oncogene in liver cancer or as a tumor suppressor in renal cell carcinoma by interacting with different target genes (7) (8) (9) . The role of KLF4 in breast cancer remains controversial. Therefore, KLF4 gene expression was determined in tissue from patients with breast cancer and analyzed the correlation with clinical pathological parameters. In addition, an expression vector, pcDNA3.1-KLF4, was constructed and expressed by transient transfection into the breast cancer cell line MDA-MB-231, in order to observe the effects of the KLF4 gene in cell proliferation. 
Materials and methods

Sample
Detection of KLF4 protein expression by immunohisto chemistry.
All samples were stained using the SP method according to the manufacturer's protocol, and the primary antibody was replaced with PBS as a negative control. In total, 5 high-power fields were randomly selected for each sample, and the staining results were analyzed according to the percentages of positive cells and the staining intensities, as described previously (10) . The positive cells were counted based on the proportions of their numbers to the total number in the 5 high-power fields, as follows: <5%, 0 point; 5-25%, 1 point; 26-50%, 2 points; 51-75%, 3 points and 76-100%, 4 points. The scoring based on staining intensities was as follows: pale yellow, 1 point; yellow or dark yellow, 2 points and brown or sepia, 3 points. In addition, the multiplication of the two results were considered to be positive if ≥1 and negative if <1. Estrogen and progesterone receptors were also detected in cells using hematoxylin and eosin staining as described previously (11) .
Culture of breast cancer cells. Proliferating MDA-MB-231 cells were cultured in Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal bovine serum in a 37˚C incubator with 5% CO 2 atmosphere and saturated humidity, and the cells were then passaged. Cells in the logarithmic growth phase were selected for subsequent experiments.
Cell transfection and grouping. Eukaryotic expression vector pcDNA3.1-KLF4 was constructed by Tiandz Gene Technology Co., Ltd. (Beijing, China). An MDA-MB-231 single-cell suspension (1x10 4 cells/ml) was inoculated onto 6-well plates and cultured for 24 h at 37˚C in an atmosphere containing 5% CO 2 after addition of DMEM containing 10% fetal bovine serum. The cells were divided into three groups: An experimental group (transfected with pcDNA3.1-KLF4 plasmid), a negative control group (transfected with empty plasmid pcDNA3.1) and a blank control group (untransfected cells). The cells were transfected according to the protocol of the Lipofectamine ® 2000 kit. After 8 h of transfection, DMEM containing 10% fetal bovine serum was replaced to culture the cells for another 48 h.
Detection of KLF4 mRNA expression by RT-polymerase chain reaction (PCR).
Cells were collected after 48 h of transfection, from which total mRNA was extracted using TRIzol. A total of 100 ng cDNA was synthesized from 1 µg total mRNA. mRNA was denatured at 65˚C for 5 min and RT was performed with the PrimeScript RT reagent kit at 50˚C for 50 min. The reaction was stopped by denaturing the enzyme at 70˚C for 50 min and cDNA was stored at -20˚C. PCR was performed at 95˚C for 30 sec, 95˚C for 3 sec and 60˚C for 30 sec, for 40 cycles. Primers were annealed at 62˚C for 40 sec. The PCR reaction mixture contained the following: cDNA, 1 µl; reverse primer, 1 µl; forward primer; 1 µl; dNTPs, 1 µl; MasterMix, 10 µl; DMSO, 1 µl; and water, 5 µl. GAPDH was used as the internal reference. The PCR reagent kit (cat. no. RR036Q) was purchased from Takara Bio, Inc. (CA, USA). This experiment was performed in triplicate for each sample. Following the reaction, the products were resolved on a 1.5% agarose gel by electrophoresis. The sequences of the KLF4 primer were as follows: forward, 5'-ACC AGG CAC TAC CGT AAA CACA-3' and reverse, 5'-GGT CCG ACC TGG AAA ATG CT-3'. In addition, the sequences of the GAPDH primer were: forward, 5'-GAA GGT GAA GGT CGA AGT-3' and reverse, 5'-GAA GAT GGT GAT GGG ATTT-3'.
Detection of KLF4 protein expression by western blotting.
After 48 h of transfection, the cells were collected in order to extract the total protein, the concentration of which was determined by the BCA method. The protein samples were loaded, separated by 10% SDS-PAGE, and transferred to a nitrocellulose membrane at 250 mA for 90 min. These membranes were blocked in 5% skimmed milk for 1 h and incubated overnight with a primary antibody against KLF4 (1:1,000) at 4˚C. After this, the membrane was washed three times with Tris-buffered saline and Tween-20 (TBST) (10 min each time), incubated with TBST-diluted horseradish peroxidase (HRP)-labeled secondary antibody (1:6,000) at room temperature for 1 h and washed three more times with TBST (5 min each time). Subsequently, the membranes were incubated with Luminata Forte Western HRP Substrate (EMD Millipore, Billercia, MA, USA) for 3 min or Western Bright (Advansta) in 1:1 dilution with water for 30 sec. Under red safelight, the membranes were evaluated with an X-ray Film (Super RX; Fujifilm, Tokyo, Japan) on an X-ray developing unit (Agfa-Gevaert, Mortsel, Belgium) for 10 min. β-actin was used as an internal reference, with an antibody purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA; 1:1,500; cat. no. ab8227).
Detection of cell proliferation by the MTT assay.
Following 48 h of transfection the cells were collected and prepared into a single-cell suspension that was inoculated onto 96-well plates at a density of 1x10 4 cells/well. The experiment was performed in triplicate for each sample. The cells were thereafter cultured in a 37˚C incubator with a 5% CO 2 atmosphere and saturated humidity, and 10 µl of 5 mg/ml MTT was added 24, 48 and 72 h later. After another 4 h of culture, the supernatant was removed, and 150 µl of dimethyl sulfoxide was added in each well. Next, the plates were oscillated for 10 min. The optical density (OD) of each well was measured by a microplate reader (Biotek China, Beijing, China) at 492 nm and cell growth curves were plotted, using time as the x-axis and the mean of OD values from three wells as the y-axis.
Statistical analysis. All data were analyzed using SPSS 18.0 (SPSS, Inc., Chicago, IL, USA). The numerical data were compared by the χ 2 test. For the categorical data, intergroup comparisons were performed by univariate analysis of variance, and further comparisons were conducted using Student's t-test or Fisher's Least Significant Difference test. P<0.05 was considered to represent a statistically significant difference.
Results
KLF4 protein expression in breast cancer and paracancerous tissues.
The tissues in which KLF4 protein was positively expressed were stained pale yellow to sepia. As shown in Fig. 1 , the KLF4 protein expression assessment was predominantly negative in the majority of breast cancer tissues and positive in most paracancerous tissues. In addition, the positive expression rates were 39.0 (93/239 tissue samples) and 77.5% (31/40 tissue samples), respectively, which represented a significant difference (χ 2 =20.462, P<0.05). as indicated by RT-PCR (Fig. 2 ) and western blotting (Fig. 3) , were expressed in the experimental group but not in the negative control or the blank control groups. The MTT assay revealed that after 24 h of culture, the experimental group grew similarly to the negative and blank control groups (P>0.05). After 48 and 72 h of culture, however, the growth of the experimental group significantly decreased compared with both groups (P<0.05), but growth of the other two groups did not differ significantly from each other (P>0.05) (Fig. 4) . Therefore, overexpression of the KLF4 gene was able to inhibit the growth of breast cancer cells.
Discussion
The human KLF4 gene, which is 5,631 bp long and is located on chromosome 9q31, has five exons. The KLF4 mRNA is larger than this by ~3.5 kb, and its sequence contains 1,876 nucleotides (12) . In addition, the KLF4 protein, which weighs 54,671 Da and comprises 513 amino acid residues, contains three C2H2 zinc-finger motifs (13) . By directly activating or inhibiting the transcription of downstream genes, KLF4 is involved in cell cycle regulation, apoptosis, metabolism and stem cell self-renewal. As a regulatory factor for cell proliferation, KLF4 both induces and inhibits tumor formation. KLF4 is expressed at a low level in many types of human malignant tumors accompanied by hypermethylation and loss of heterozygosity (14, 15) and has inhibitory effects on gastric (16), colorectal (17) , bladder (18) and lung (19) cancer. However, it is highly expressed in ductal carcinoma in situ and in oral squamous cell carcinoma compared with those in normal tissues (20, 21) . For example, KLF4 overexpression leads to squamous cell carcinoma by inducing hyperplasia and dysplasia (22) . Wei et al (23) identified that the expression of KLF4 mRNA and protein were upregulated in metastatic pancreatic and human pancreatic cancer tissues. Thus, differences in the expression of the KLF4 gene in various tumors may be associated with tissue specificity. In the present study, low levels of the KLF4 protein were expressed in breast cancer tissues (39.0%, 93/239) but high levels were expressed in paracancerous tissues (77.5%, 31/40). The KLF4 protein expression in breast cancer tissues was negatively correlated with histological grade and lymphatic metastasis. Furthermore, the expression rates of KLF4 protein in early invasive carcinoma and infiltrating ductal carcinomas invasive carcinoma of special type were significantly higher than those in other types of carcinoma, which accounts for ~80% of all breast cancer cases, with low degree of differentiation and poor prognosis (24) . Hence, the KLF4 gene was negatively correlated with malignant behaviors of breast cancer, implying that this gene participated in several intracellular events and markedly suppressed the onset and progression of this type of cancer.
In order to clarify the role of the KLF4 gene in breast cancer, MDA-MB-231 cells were transiently transfected with a constructed eukaryotic expression vector called pcDNA3.1-KLF4. Western blotting demonstrated that the KLF4 protein, similar to KLF4 mRNA, was only expressed in the experimental group, suggesting that transcription of this gene enhanced target gene transcription in addition to protein translation. Additionally, the MTT assay demonstrated that the growth of the experimental group was significantly inhibited, indicating that KLF4 gene expression suppressed the proliferation of breast cancer cells. Given that the two control groups had similar outcomes, the vector did not affect cell proliferative capacity per se. Similarly to the inhibitory effects of the KLF4 gene on breast cancer progression, Yori et al (15) revealed that KLF4 overexpression in human breast cancer MDA-MB-231 cells upregulated the protein and mRNA levels of E-cadherin, which were decreased by interfering with its expression. Yori et al (25) also reported that KLF4 inhibited the invasion and distal metastasis of breast cancer by suppressing epithelial-mesenchymal transition.
Regardless, the influence of KLF4 on breast cancer remains controversial. Foster et al (22) demonstrated that KLF4 expression was increased in 6 out of 8 breast cancer cell lines, and in 70% of breast cancer tissue samples. Meanwhile, KLF4 was similarly expressed in ductal carcinoma in situ and invasive carcinoma, indicating that it may be associated with the early onset of breast cancer. Furthermore, KLF4 can maintain a high glycolytic metabolism through transcriptional activation of human platelet phosphofructokinase, thereby predominantly controlling the proliferation of breast cancer cells (26) . It is likely that KLF4 also functions as an oncogene; whether KLF4 is an oncogene or a tumor suppressor may depend on the histological type and microenvironment. Serum starvation (27) , oxidative stress (28) and interferon-γ (29) may induce the production of KLF4, the expression of which can be downregulated by the hypermethylation and loss of heterozygosity in the promoter region (30) . Accordingly, the role of KLF4 requires additional in-depth studies.
In summary, the positive expression rates of the KLF4 protein in breast cancer tissues significantly decreased, and transfection of the KLF4 gene significantly inhibited the proliferation of breast cancer cells, revealing that the KLF4 gene was crucial in the onset and progression of this type of cancer. The observations herein may allow the KLF4 gene to act as a novel target for the molecular diagnosis and gene therapy used to treat breast cancer.
